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a  b  s  t  r  a  c  t
We  report  the beneﬁcial  outcome  of  coronary  artery  bypass  grafting  (CABG)  with  aneurysm  clipping
for  Kawasaki  disease  (KD)-related  moderate  stenosis  of  the  native  coronary  artery.  A 13-year-old  boy
developed  90%  stenosis  of  the  left  anterior  descending  artery  (LAD)  and  an  aneurysm  with  50%  stenosis
of  the right  coronary  artery  (RCA)  seven  years  after  KD.  We  grafted  the  RCA  with  the  right internal  thoracic
artery  (RITA)  and  clipped  the  proximal  RCA,  in  addition  to conventional  grafting  of  the  LAD with the  left
internal  thoracic  artery,  because  we  were  concerned  that  competition  in  ﬂow  between  the  native  RCA
and  the  graft  might  lead  to graft occlusion.  Signiﬁcant  ischemic  change  developing  during  the operation
was  not  detected.  Postoperative  coronary  angiograms  showed  complete  occlusion  of the  proximal  RCA
and  LAD  and good  bilateral  ITA graft  ﬂow.  A postoperative  electrocardiogram  revealed  an  abnormal  Q
wave  in  lead  III. No  perfusion  defects  were  detected  in 99mTc  myocardial  perfusion  imaging.  He  stopped
warfarin  immediately  after  his operation,  and  aspirin  one  year later.  He has  been  in good  condition  for  4
years  after  CABG.  This  report  demonstrates,  one  of the  graft  procedures  for moderate  coronary  stenosis,
although  the  indication  is limited.
<Learning objective:  When  patients  requiring  at least  one  graft  for  severe  stenosis  and  associated
myocardial  ischemia  have  moderate  stenosis  in  another  vessel,  to graft  or not  to graft  the  second  vessel,
is  a most  difﬁcult  decision  with  its potential  inﬂuence  on  future  mortality  and  morbidity.  We  decided  in
favor  of  grafting  with  clipping  the  native  artery  for the moderate  stenosis  to avoid  occlusion  of  the  graft
due  to competition  with  the  native  ﬂow.  Complete  coronary  revascularization  by coronary  artery  bypass
grafting  might  make  it safe  to  discontinue  long-term  anticoagulant  therapy.>
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ntroduction
Giant aneurysms (>8 mm)  after acute Kawasaki disease (KD)
ay occlude with thrombosis or evolve into severe stenosis, which
ay end in acute myocardial infarction [1]. Acute myocardial
nfarction occasionally causes sudden death [2] or impairs left
entricular function, a major determinant of outcome in this popu-
ation. Coronary artery revascularization, including coronary artery
ypass grafting (CABG) for myocardial ischemia caused by KD, is
sually indicated. The development of localized stenosis varies,
anging from a few months to more than 10 years after the acute KD
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episode, varying not only in its severity in a given patient but also in
its localization within the coronary arterial system in multi-vessel
disease. Furthermore, deciding on the optimal time for CABG is dif-
ﬁcult, because of the characteristics of the coronary arterial lesions
due to KD.
Case  report
A  13-year-old boy developed KD at the age of 6 years. Despite
receiving a total of 4 g/kg intravenous immunoglobulin, he devel-
oped giant aneurysms of the right and left coronary arteries
demonstrated by selective coronary angiography (CAG) 29 days
after the onset of KD (Fig. 1, upper). He was started on aspirin
and warfarin. The bilateral giant coronary aneurysms were slightly
decreased in diameter on CAG when he was 7-years-old. He felt
chest discomfort on exercise when 12-years-old. Seven years after
KD when he was  13-years-old, CAG showed 90% stenosis in the left
vier Ltd. All rights reserved.
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Fig. 1. Coronary angiograms at 29 days and 7 years after Kawasaki disease. (Upper) Right coronary angiogram (RCA) and left coronary angiogram (LCA) at 29 days after
K eries. 
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oawasaki disease. Coronary angiograms show giant aneurysms of both coronary art
ere  13 mm and 8 mm,  respectively. (Lower) Right coronary angiogram and left cor
he  right coronary artery is present. Severe localized stenosis of the left anterior de
nterior descending artery (LAD) and an aneurysm with 50% steno-
is in the right coronary artery (RCA) (Fig. 1, lower). There were no
schemic changes in the treadmill test or 99mTc myocardial per-
usion imaging on exercise. Coronary revascularization to the LAD
as indicated for the signiﬁcant stenosis of the LAD, because it was
lmost closing morphologically in this patient with multi-vessel
isease. On the other hand, grafting to the RCA was  not strictly
ecessary at that time, because the stenosis of the RCA was  not
ritical. However, the history of giant aneurysm formation in the
cute phase suggested that the RCA stenosis was  likely to progress
n the future and to eventually require revascularization to the
CA. We  recommended grafting with clipping of the aneurysm for
he moderate stenosis of the RCA, to avoid occlusion of the graft
ue to competition with the native RCA ﬂow. After providing full
nformation we obtained consent from the patient and his fam-
ly, and he underwent CABG using the internal thoracic arteries
ITAs) to the RCA and the LAD. At operation, the left ITA graft ﬂow
easured 35 ml/min, while the right ITA graft ﬂow was  5 ml/min
efore the clipping of the proximal RCA. However, the right ITA
raft ﬂow increased to 40 ml/min after the clipping. No signiﬁcant
schemic change was observed in the 12-lead electrocardiogram
ECG). The maximum creatine phosphokinase (CPK) and CPK-MB
ere 1875 IU/l and 28 IU/l, respectively. He stopped taking war-
arin. Of his ECG 7 days after the operation, an abnormal Q wave in
ead III and incomplete right bundle branch block were suspected
Fig. 2). He was discharged from hospital 13 days after the opera-
ion. Left ventricular wall motion was normal by two-dimensional
chocardiography (2DE) and the left ventricular fractional short-
ning (LVFS) was 33%. There were no ischemic changes on either
readmill testing or 99mTc myocardial perfusion imaging. He was
symptomatic with no restrictions on exercise after the operation.
e underwent cardiac catheterization and CAG 8 months after the
peration. The left ventricular end-diastolic pressure (LVEDP) was
1 mmHg  and the left ventricular ejection fraction 57%. Bilateral
TA grafts showed good patency, and the native RCA and LAD were
ccluded proximally (Fig. 3). No premature ventricular contractionsThe maximum diameter of the right coronary artery and the left descending artery
 angiogram 7 years after Kawasaki disease. An aneurysm with moderate stenosis of
ng artery is seen.
were  detected on the 24-h Holter ECG. He discontinued medica-
tions one year after the operation. Four years after CABG he remains
well.
Discussion
Coronary revascularization is indicated when myocardial
ischemia due to signiﬁcant coronary stenosis is present and causing
chest pain or there is clinical evidence of ischemia on examination
[3]. However, even when severe localized stenosis is detected by
coronary angiograms, symptoms are rare and evidence of ischemia
unusual until actual infarction occurs, making the timing of recom-
mendation for coronary revascularization difﬁcult. In this patient
with multiple-vessel disease, coronary revascularization to the LAD
was indicated because of the severity of the stenosis. Coronary
revascularization is considered to be indicated in cases with the
diameter of the vessel less than 1.0 mm and a jet of blood ﬂow
through an aneurysm is detected because of stenosis, even if the
ischemia was not detected. However, the decision must be made
carefully, because the indication is prophylactic. CABG for coronary
revascularization was  preferred to PCI, because he had multi-vessel
disease. Furthermore, although PCI for localized stenosis with giant
aneurysms may  improve myocardial ischemia, the risk of myocar-
dial infarction due to thrombotic occlusion cannot be avoided
[4]. Further, it is not often a complete coronary revascularization
because of the characteristics of coronary artery lesions caused by
KD. In contrast, if good ﬂow is present in an ITA graft 1 year after
surgery, long-term patency is virtually assured [5]. CABG, rather
than PCI, improves the patient’s quality of life with a low risk of
re-stenosis of the target vessels [6].
The RCA stenosis was moderate, and coronary revascularization
was not essential at that time; however, future progression of the
stenosis was highly likely, based on the history of giant aneurysms
in the acute phase [1]. On the other hand, we know that grafting for
moderate stenosis is often associated with graft occlusion, because
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oFig. 2. 12-Lead electrocardiograms before and after operation.
f competition with the native ﬂow. Prophylactic CABG should be
voided, because, it is likely to result in the string sign [7,8]. The
umber of ITAs that were suitable for CABG was only two, and an
ccluded graft is of no value. However, some patients may  want to
essen the number of future operations or PCI if possible.
ig. 3. Angiograms 8 months post operation. (Left upper) Right coronary angiogram (RCA
ngiogram (RITA). (Right lower) Left internal thoracic coronary angiogram (LITA). The p
ccluded. The right coronary artery and the left anterior descending artery are ﬁlled thronormal Q wave was detected in lead III 7 days after operation.
When patients who have clear indications for at least one graft
for severe stenosis and have moderate stenosis in another ves-
sel, to graft or not to graft the second vessel, is a most difﬁcult
decision with its potential inﬂuence on future mortality and mor-
bidity. To choose to graft the moderately stenosed vessel may  avoid
). (Right upper) Left coronary angiogram (LCA). (Left lower) Right internal thoracic
roximal right coronary artery and proximal left anterior descending artery were
ugh the internal thoracic arteries.
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e-operation or other intervention in the future, but will add to
he risk of the current procedure. An additional advantage is stop-
ing of warfarin, because of disappearance of giant aneurysm. Use
f warfarin has the possibility of complications due to the drug
ffects at any time, and it can reduce the quality of life. Further,
omplete coronary revascularization by CABG might make it safe
o discontinue long-term anticoagulant therapy in patients with-
ut persistent giant aneurysms in other vessels. Also controversial
s whether to continue antiplatelet therapy in such conditions,
onsidering the possibility of thrombotic occlusion due to endothe-
ial dysfunction in KD coronary artery lesions. Aneurysm at segment
 had regressed and stenosis had been not detected at that time.
ven if occlusion in segment 4 occurred, the supplied area is small.
urther, it is considered that collateral vessels from the left circum-
ex to segment 4 would develop gradually.
We decided in favor of graft with clipping of the RCA. As a result,
he right ITA ﬂow during the operation increased after clipping of
he native vessel, and coronary revascularization to the RCA was
uccessful without complications. Although an abnormal Q in lead
II was detected in the ECG, there was no signiﬁcant myocardial
amage and the left ventricular ejection fraction was preserved.
Although  grafting with clipping of the native vessel may  ensure
atency of the graft, it risks myocardial damage by occlusion of
he native vessel. Furthermore, this procedure should be care-
ully performed in older children or adults with body weight more
han 50 kg, because the ITA graft patency after CABG in small
hildren less than 12 years was lower than that in the older chil-
ren [5]. Nevertheless, grafting with clipping of the native vessel
ight be considered in patients with moderate stenosis and giant
neurysms. Even if an adult has severe stenosis of the RCA and
oderate stenosis and giant aneurysms in the LAD, grafting with
lipping of the native LAD by skilled hands might be considered.
atients with giant aneurysms are at lifelong risk for acute myocar-
ial infarction despite antithrombotic therapy [9]. Grafting with
lipping of the native coronary artery for moderate stenosis with
iant aneurysm may  prevent future acute myocardial infarction
ue to thrombus in the aneurysm. Although Okumori et al. included
esection of giant aneurysm with grafting, we do not think the need
or resection to avoid thrombus is valid [10]. On the other hand,
reservation of the other ITA for future re-operation is an impor-
ant consideration especially in small children with multi-vessel
isease who must maintain coronary revascularization through a
ong life. To graft or not to graft is a difﬁcult decision with multi-
le pros and cons, which must be individualized for each patient.
urther discussion about the indications for this procedure will be
eeded in the future.
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Conclusion
We report conjoint grafting with clipping for moderate RCA
stenosis caused by KD, when CABG was indicated for severe steno-
sis of the LAD. Flow was good in the bilateral ITA grafts. It is one
of several possible procedures to avoid the risk of future cardiac
events in adulthood. Recommendation of such an intervention is a
difﬁcult decision with multiple considerations.
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